THE simultaneous administration of a therapeutically valuable drug together with another drug having antagonistic actions might appear to be a futile procedure. However, there could be certain combinations in which the antagonizing drug specifically reduced or abolished some of the undesirable side effects of the therapeutic compound, without materially affecting the properties for which this drug was given. Gershon and Shaw (1957) have investigated combinations of bemegride (Megimide) plus phenobarbitone or amylobarbitone given orally to human patients. They were able to show that the dose response curves of such mixtures were bellshaped. At low doses, the sedation produced was indistinguishable from that produced by the same dose of barbiturate alone; as the dosage of the barbiturate-bemegride mixture was increased, the depth and duration of narcosis at first increased, and then, at high doses, decreased, until,, at the highest dosage, some patients were observed who did not sleep at all. It would appear from these results that the dose-response curve of bemegride is steeper than that of the barbiturates, and as the dosage of the mixture is increased, the action of the bemegride "overtakes" that of the barbiturates. The main object of Gershon and Shaw's work was to produce a barbiturate mixture, overdosage with which would not cause serious intoxication.
It therefore seemed important to test whether such a protective action of bemegride could be shown against intravenously administered thiopentone. If it could also be proved that no reduction of the anaesthetic potency of the thiopentone was caused by the bemegride, the therapeutic ratio of the thiopentone would be improved. Two related compounds were also tested. These were N.P.42 506
(the sodium salt of /2/3-methyl-ethyl glutaramic acid) and N.P.275 (the sodium salt of j9£-methylisopropylglutarimide). Accordingly, experiments were performed to determine the following points: (i) Do these analeptics affect the anaesthetic potency of thiopentone when the two compounds are given simultaneously?
(ii) For a given dose of thiopentone, does the addition of bemegride alter the duration of anaesthesia?
(iii) Do bemegride or the related analeptics alter the dose of thiopentone that will cause permanent cessation of respiration?
(iv) Is the oxygen content of venous blood following a given dose of thiopentone altered by a simultaneous dose of bemegride?
METHODS
Ampoules of Pentothal (Abbott) brand of thiopentone were used throughout. Bemegride (Megimide) was available as the sodium salt, a white powder soluble in water to 5 per cent, giving a strongly alkaline solution. N.P.42 has been shown to have weak barbiturate antagonist action, and was included chiefly because it was very soluble in water, and therefore high levels could be attained. N.P.275 has about 5 times the activity of bemegride as a barbiturate antagonist. It was available as a white powder, soluble in water to about 1 per cent.
The doses of thiopentone were diluted individually for each dog in such a manner that each millilitre of the resulting solution contained 5 mg/kg of thiopentone for a given dog. For instance, for a dog weighing 10 kg, 1 gram of thiopentone was diluted to 20 ml, giving a solution containing 50 mg/ml. By this means, identical volumes given to the series of dogs gave identical doses in mg/kg. When bemegride or the other derivatives of glutaric acid weie used, the appropriate quantity of the dry sodium salt was added to the thiopentone in the ampoule, and this was then diluted appropriately.
(1) Adult crossbred dogs of both sexes were used. They were weighed immediately before use. For experiments on the effect of the analeptics on the anaesthetic potency of thiopentone, a standard procedure of injection was maintained throughout all experiments. A volume of 3 ml of the anaesthetic solution was injected rapidly into the median cephalic vein. This invariably caused the dog to collapse in a few seconds. Exactly 1 minute later a further 1 ml (5 mg/kg) was administered, during a period of exactly 20 seconds. After a further 40 seconds, the next millilitre of solution was given and this procedure of injecting at exactly one-minute intervals was continued until the desired dose was reached.
(2) In the experiments concerned with sleeping times, and a few of the earlier determinations of doses producing apnoea, a minor variation in this procedure was used. Four ml were injected initially, and the subsequent doses were given at 2-minute intervals.
In all cases, the animals served as their own controls, receiving at intervals of not less than one week, thiopentone or thiopentone plus the antagonist drug. To eliminate effects of tolerance, etc., one half of the animals received the thiopentone first, and the other half was given the mixture first.
It is very difficult to assess exactly the depth of anaesthesia produced by the thiopentone. In two cases, it was attempted to correlate changes in the encephalographs of dogs with changes in the plane of anaesthesia, particularly with the onset of "full surgical anaesthesia". However, it was found that such encephalographic changes were too gradual to be of any value. Furthermore, changes in pupil size or in the position of the nictitating membrane, were found to be of no value in assessing the onset of surgical anaesthesia. The corneal reflex was often found to persist to a very deep plane of anaesthesia. The paw withdrawal reflex on the other hand is more satisfactory. In the present experiments, the reflex was scored as "present" when a firm pinch to the interdigital web of the hind foot caused retraction of the whole leg, as "just present" (or +) when only a slight movement of the foot resulted, and as "absent" when it became impossible to elicit any movement at all.
After the animals had been anaesthetized, they were placed in a warm room, and observed continuously. Respiration rate was noted after 3 to 5 minutes, and again at 10 to 20 minutes, and the dogs were patted firmly every 10 minutes until they could walk. The paw withdrawal reflex was also tested every 10 minutes until the dog reacted vigorously to the pinch.
(3) For determining the dose of thiopentone or thiopentone plus bemegride which produced apnoea, the drugs were injected at one-minute intervals as described above (section 1) until the dogs ceased breathing for one minute. No attempt was made to resuscitate them during this period, and if they did not recover spontaneously, they were considered "dead" for the purposes of the experiment. At the conclusion of the one minute of apnoea, artificial respiration was commenced,° and a dose of 10-20 mg/kg of sodium bemegride was given intravenously. In most cases, this produced recovery of spontaneous respiration within 3 minutes, and the dogs were placed in a warm room until they were fully recovered. In this manner, they were available for "cross-over" experiments.
(4) Estimation of venous blood oxygen saturation was carried out spectrophotometrically using a Waters type cuvette (Nahas, 1950) . Several 2-ml syringes were taken, and in each was placed a thin annulus of soft iron, which, when agitated by an external magnet, rapidly mixed the contents of the syringe. The dead space of the syringe was filled with heparin and saturated saponin solutions. Two minims of each of these solutions were injected from tuberculin syringes into the 2-ml syringes. Care was taken to exclude all air bubbles.
Following the method of Nahas, a calibration curve of blood oxygen was drawn up. Venous blood was taken from 4 dogs in the manner described above. The optical densities at 505 mâ nd 605 mji of these samples when completely reduced and fully oxygenated was determined, and a curve was constructed from these figures.
A control blood sample was taken from the median cephalic vein of each dog. The blood was drawn into the syringe to die 2-ml mark, mixed rapidly and placed in the cuvette within 3-5 minutes of withdrawal. The optical density was determined after a further 5-7 minutes. Thiopentone, 40 mg/kg, with or without bemegride, 10 mg/kg, was then injected using the procedure described in section (1). Further 2-ml samples of blood were taken from each dog 2, 5, and 10 minutes after the barbiturate.
It is known that in both the sheep (Turner and Hodgetts, 1958 ) and the dog (Hahn et al., 1943) anaesthesia can cause relaxation of the spleen, and a consequent drop in the amount of circulating haemoglobin. To allow for this, haemoglobin estimations were made on every sample of blood taken. This was done colorimetrically using a Hellige haemoscope. Between 1 and 2 weeks later, the dogs were "crossed over", those that had received thiopentone alone receiving thiopentone plus bemegride and vice versa.
The oxygen capacity of the blood from the dogs was calculated from its haemoglobin content and percentage saturation, assuming that 1 gram fully oxygenated haemoglobin contains 1.34 volumes of oxygen.
RESULTS
(1) The effect of bemegride, N.P.42, and N.P.275 on the dose of thiopentone which causes disappearance of the paw withdrawal reflex. Table I shows the results of these experiments. None of the drugs tested had any significant effect on die rnfnimnm anaesthetic dose of thiopentone. It can also be seen that there were sometimes small variations in this minimum anaesdietic dose when die same dog was tested on different occasions, whether antagonists were used or not.
(2) The effect of bemegride on the sleeping times of dogs given thiopentone. The results are set out in tables II and HI. (3) The effect of bemegride on the acute toxicity of thiopentone. In every case, the apnoea-producing dose of thiopentone when combined with bemegride was higher than that of thiopentone alone.
This increased margin of safety varied between 10 and 20 mg/kg. There seems to be no advantage, as far as considerations of toxicity are concerned, in increasing the amount of bemegride above a ratio of 1:4. The related glutaramide, N.P.275, also lessened toxicity. However, it was noted in several cases that a delayed respiratory failure occurred, 5 to 15 minutes after normal respiration had been re-established. This could usually be reversed by further doses of bemegride but 2 dogs died in spite of this treatment. They had first ceased breathing after having 60-65 and 50-50 mg/kg thiopentone plus 1/20 of this dose of N.P.275. As these were not "crossed over" they are not included in table IV. N.P.42 also reduced the toxicity of thiopentone, but the effect was less reliable than with bemegride.
(4) Blood oxygen determinations.
None of the 6 dogs showed any respiratory embarrassment after receiving 40 mg/kg thiopentone with 10 mg/kg bemegride. On the other hand, two of these dogs had temporary apnoea after receiving this dose of thiopentone alone, and a third dog died, in spite of being artificially respired (dog 3, table V).
The results of the determinations are set out in table V and are illustrated graphically ( fig. 1) . The greatest effects are to be seen at the 2-and 5-minutes estimations. The blood of the dogs receiving bemegride plus thiopentone had a greater percentage oxygen-saturation of haemoglobin, and a higher oxygen content than when they received the same dose of thiopentone alone. In 4 cases, this difference in oxygen content lay between 150 and 230 per cent of the control values. In the period between 5 and 10 minutes after the anaesthetic, the control values tended to approach those with bemegride.
DISCUSSION
Various authors have shown that other analeptics can lessen respiratory depression resulting from narcotics. For instance, Booker and his coworkers (1950) have shown that pentamethylenetetrazole will protect dogs from otherwise toxic doses of thiopentone if given immediately after the anaesthetic. However, very large doses of the analeptic were necessary. Anderson and Teague (1956) showed, also in dogs, that both pentamethylenetetrazole and picrotoxin improved the arterial blood oxygen saturation of animals deeply depressed with dial-urethane. However, in most cases, doses necessary to produce this improvement also caused twitchings or even frank convulsions. The results of the present paper show that bemegride also had this beneficial effect against thiopentone depression. However, it produced this effect in much smaller doses than were needed for pentamethylenetetrazole, and at no time were there any suggestions of excitation. In fact, even with a mixture containing as much as one part of bemegride to three parts of thiopentone, the narcotic potency of the thiopentone was not in any way reduced, and no signs of excitement were seen, even during induction.
The results in the section on blood oxygen levels require some further comment. It will be noted that the control haemoglobin levels in a given dog may vary within wide limits when estimated on different occasions. Since in 5 of the 6 cases, the second estimation was lower than the first, it seems possible that some degree of anaemia resulted from the anaesthesia. Another factor likely to contribute to this variation in haemoglobin level is the degree of excitement of the animal. Various workers have shown marked variations in circulating erythrocytes of horses (Irvine, 1957) , sheep (Turner and Hodgetts, 1958) , and dogs (Hahn et al., 1942) following such stresses as exercise, fear, or adrenaline injections. These findings seem to provide an adequate explanation for the variations in haemoglobin levels found in the present investigation. The drop in haemoglobin levels following anaesthesia (table  V) is in agreement with the findings of Hahn et al. (1943) who showed that pentobarbitone but not ether caused sequestration in the spleen of up to 30 per cent of the circulating erythrocytes. Bemegride apparently does not affect this drop in circulating erythrocytes.
Tests have also been done on the toxicity of thiopentone in the presence of N.P.42 and N.P.275. The weak action of N.P.42 was not surprising, as other work has shown that even in high doses, its ability to shorten the sleeping time of mice dosed with pentobarbitone was slight (Macfarlane, A. W., personal communication). On the other hand, the results with N.P.275 were rather disappointing. This compound produces all the effects of bemegride at l/5th to l/10th of the dose (Macfarlane, A. W., personal communication). Although it raised the toxic dose of thiopentone, its action appeared to be very transient, and a secondary depression occurred.
THE PRACTICAL USE OF THE MIXTURE
In these laboratories, on many occasions, experimental animals, both cats and dogs, have been anaesthetized with the mixture of thiopentone plus bemegride. Manoeuvres such as insertion of carotid and tracheal cannulae, laparotomy, etc., have been performed. The occasional addition of further doses of 5 mg/kg thiopentone plus 1.25 mg/kg bemegride as needed has enabled surgical anaesthesia to be prolonged for 5 hours or more, without any signs of respiratory or circulatory failure.
The mixture has also been successfully used in surgery on human cases (Capponi, R., personal communication). However, in the human, a lower proportion of bemegride is required than for the dog. More than one hundred cases have been anaesthetized using a solution containing 500 mg thiopentone plus 50 mg bemegride in a volume of 10 ml. Respiratory depression was less than with corresponding doses of thiopentone alone, recovery was quicker, and no cases of laryngeal spasm were seen.
CONCLUSIONS
The addition of bemegride to thiopentone, produces an intravenous anaesthetic with the following advantages over thiopentone alone:
(a) reduced toxicity; (b) lessened respiratory depression; (c) shorter duration of action. Furthermore, addition of bemegride up to a ratio of 1:3 does not affect the anaesthetic potency of the thiopentone. Hence an improvement of the therapeutic ratio of thiopentone has been achieved. Frequent laboratory use of the mixture has shown that it is a very satisfactory and safe anaesthetic for surgery lasting from a few minutes to several hours, according to the dose used.
Two other related derivatives of glutaric acid, N.P.42 and N.P.275, also reduce the toxicity of thiopentone, but are less effective.
